Brief communications 265 teritis in piglets associated with Aujeszky's disease virus infection. Vet Pathol 21:450-452. 14. Patel JR, Edington N, Mumford JA: 1982, Variation in cellular tropism between isolates of equine herpesvirus-1 in foals. Arch Virol 74:41-51. 15. Sambrook J, Fritsch EF, Maniatis T: 1989, Molecular cloning: a laboratory manual, 2nd ed. Cold Spring Harbor Laboratory' Press, Cold Spring Harbor, NY. 16. Studdert MJ: 1983, Restriction endonuclease DNA fingerprinting of respiratory, foetal and perinatal foal isolates of equine herpesvirus type 1. Arch Virol 77:249-258. 17. Studdert MJ, Simpson T, Roizman B: 1981, Differentiation of respiratory and abortigenic isolates of equine herpesvirus 1 by restriction endonucleases. Science 214:562-564. 18. Whitwell KE, Blunden AS: 1992, Pathological findings in horses dying during an outbreak of the paralytic form of equid herpesvirus type 1 (EHV-1) infection. Equine Vet J 24: 13-19. 19. Yeargan MR, Allen GP, Bryans JT: 1985, Rapid subtyping of equine herpesvirus 1 with monoclonal antibodies. J Clin Microbiol 21:694-697.
The detection of bovine viral diarrhea (BVD) virus infections and diseases has evolved with other areas of viral diagnosis in veterinary medicine. 2, 4, 7, 11, 14, 20 Our initial concerns were to confirm that a disease process was caused by BVD virus. We have satisfactorily attained a level of diagnostic expertise whereby we can diagnose clinical forms of BVD virus infection with relative ease, but it takes a prolonged period of time to detect BVD by conventional virus isolation in cell culture and subsequent identification by immunofluorescence or immunocytochemistry. 7, 8, 14, 23, 25 The questions that have arisen over the past decade are directed at achieving a diagnosis of BVD virus infection more rapidly when faced with a clinical situation and detecting animals with subclinical forms of BVD infection.
Perhaps the most subtle form of BVD infection is the case of an immunotolerant animal that appears clinically normal, but harbors and sheds BVD virus throughout its life. 18 This animal is regarded as being persistently infected, in contrast to a transiently infected animal, which is undergoing a primary BVD virus infection, but is immunocompetent and capable of developing a protective immune response against the virus. 2 The persistently infected animal needs to be identified for at least 2 reasons. First, the animal is at risk to develop the fatal form of BVD, referred to as mucosal disease, if it should come in contact with a heterologous strain of BVD virus either by way of vaccination with modified live From the Washington Animal Disease Diagnostic Laboratory (Ev-virus vaccine or by field infection. 7, 23 More recent evidence even suggests that mucosal disease may result following mutation of BVD, so that contact with other animals shedding heterologous BVD may not be required. 24 Second, the animal poses a risk of infecting other susceptible cattle and small ruminants because it is shedding virus in high concentration from body secretions and excretions. 3, 5, 15, 26 Other subtle forms of disease in which diagnostic tools may be useful in determining whether BVD virus is an important etiologic entity include diseases of the endocrine system; prolonged or intermittent forms of immunosuppression; and concurrent viral and/or bacterial infections, which may have an underlying BVD virus pathogenesis. 2, 6, 19, 23 The purposes of this paper are to present an update on the occurrence of BVD virus infection in the northwestern United States and to present some diagnostic strategies to consider when attempting to detect BVD virus infection and related pestiviruses.
Bovine turbinate (BT) cells were obtained from the American Type Culture Collection a and maintained in minimal essential media (MEM) consisting of 5% fetal bovine serum (FBS) b and 5% fetal equine serum. c The FBS was negative for BVD virus and BVD virus antibody. The FBS was heat inactivated at 56 C for 90 minutes as an added precaution against low levels of BVD virus contamination. The cells were monitored twice weekly by indirect fluorescent antibody (IFA) for BVD virus contamination using bovine polyclonal antiserum to multiple strains of BVD virus provided by NVSL d and rabbit anti-bovine IgG-FITC. e Cases submitted to the diagnostic laboratory for virus iso- 
minutes, and the supernatant inoculated onto BT cells. The
Received for publication May 22, 1992. BT cells were observed daily for the occurrence of cytopathic During the 4-year period, 1987-1990, there were 114 isolations of BVD virus from case material submitted to the diagnostic laboratory. The cases were subdivided into 1 of 5 clinical syndromes including diarrhea, respiratory, oral, ocular, and abortion. The number of isolations from the particular disease condition is presented in Table 1 . Diarrhea was the most frequently reported clinical sign (36.8%) followed by cattle with oral lesions (28%), and respiratory distress (26%). Cattle with primary involvement of the eyes were not reported during this survey period. The association of BVD virus isolation with abortion was 8.7%. These results were compared with those obtained during an earlier survey conducted during 1978-1980 and are also presented in Table  1 . Although there were fewer cases reported during the 1978-1980 time period, the percentage of observations for the various disease conditions is of interest. Diarrhea (39%) and respiratory distress (35%) were the two most commonly reported clinical signs, with oral lesions (11%), ocular manifestations (10%), and abortion (5%) being reported with less frequency. Although the majority of cases in which BVD virus was isolated over the past decade were from cattle, there were 11 cases that represented other species including sheep, goats, gazelle, and llamas. Seven of these pestivirus isolates were from weak lambs diagnosed as being infected by Border disease (BD) virus. The remainder of the pestivirus isolates included 1 isolate from fetal goat tissues, 1 isolate from a l-year-old gazelle with respiratory distress, and 2 isolates from llamas (7 months and 12 months old) with diarrhea. Table 2 presents the age distribution for cattle infected with BVD virus. The predominant age group for cattle infected with BVD virus and expressing clinical signs was 7-12 months for the period 1987-1990. This was in contrast to the age distribution observed a decade earlier, which showed the greatest age prevalence to be 1-6 months ( Table 2) .
Selected strains of BVD virus and field isolates of pestiviruses were propagated in BT cells for detection using oligonucleotide probes. 17 The BT cells were maintained at 37 Following a 30-minute incubation at 37 C, the nucleic acid was extracted once with 1 volume of phenol : chloroform: isoamylalcohol (24:24:1) and once with 1 volume of chloroform : isoamylalcohol (24:1). The total nucleic acid was denatured with 1.0 ml of 6.15 M formaldehyde in 20 x SSC at 65 C for 15 minutes. All 2 ml of the resulting sample for each virus were used to make a single dot on nylon membrane (0.45 µ) in an ABN Vacusystem apparatus. The membrane was rinsed preblot in 0.5 M NaCl and rinsed postblot in 2 x SSC, followed by baking at 80 C for 1 hour. Nine oligonucleotide probes were selected from across the genome of BVD virus by comparison with the genomic sequences of NADL and Osloss strains of BVD virus. 17 The oligonucleotides, all 20-mers, were synthesized on an Applied Biosystems Model 381A DNA synthesizer, which utilizes phosphoramidite chemistry. The oligonucleotides were end-labeled and prepared for use in hybridizations as previously described. 17 The dot blots were prehybridized at 65 C for 4-5 hours in 6 x NET, 0.1% SDS, 5 x Denhardt's, and 100 µg/ml of denatured salmon sperm DNA. The hybridization reaction was carried out at 50 C for 2 hours in 6 x NET, 0.1% SDS, 5 x Denhardt's, and 1.5-2.0 x 10 7 cpm of end-labeled oligonucleotide (5-10 ng/ml of probe). After hybridization the blots were washed as follows: 3 times in 6 x SSC/O. 1% SDS at room temperature each for 5 minutes; 2 times in 3 x SSC/ 0.15 SDS at 50 C each for 30 minutes; and 2 times in 1 x SSC/O. 1% SDS at 50 C each for 20 minutes. Using these washing conditions, we calculated that a 100% homology between the probes and target sequences was necessary for a positive signal. The hybridized blots were then exposed to XAR-5 Kodak film at -70 for 48 hours. The pestivirus isolates from the non-bovine species used in this study were found to exhibit both BVD virus-and BD virus-like hybridization patterns. As shown in Fig. 1 , each of the exotic animal isolates resulted in a unique hybridization pattern. All of the isolates were detected by the probe located at the 5' end of the BVD virus genome. None of the other oligonucleotide probes detected all 4 of the exotic animal isolates. The bovine strains, Singer and NADL, were detected by all of the probes, whereas the cell control and feline calicivirus were not detected by any of the probes.
Selected formalin-fixed paraffin-embedded tissues from which BVD virus or BD virus had been isolated were studied by immunohistochemistry (IHC). The fixed tissues were sectioned at 5µm, mounted on ProbeOn Plus-treated microscope slides, f and immunostained by the avidin-biotin complex (ABC) immunoperoxidase method. 11, 12 A panel of BVD virus monoclonal antibodies (MAbs) and antisera were tested for reactivity on formalin-fixed paraffin-embedded tissues. These antibodies included 4 BVD virus MAbs (MAbs CA72 and N2, g MAb D89, h and MAb 15C5), i and 2 BVD virus antisera. j,k The isotype and protein concentration of the MAb were determined by radial immunodiffusion. 1 Briefly, sections were deparaffinized, incubated with 3% H 2 O 2 to inactivate endogenous peroxidase activity, treated with 0.1% pronase, and washed in Triton x Tris-buffered saline (TTBS) buffer (0.125 M Tris, pH 7.6, with 0.35 M NaCl and 0.025% Triton X-100). c Sections were incubated with 1.5% normal horse serum to block nonspecific immunoglobulin binding sites. Sections were subsequently incubated with (1) an appropriate concentration of BVD virus MAb or antiserum, (2) biotinylated horse antimouse IgG 1 (7.5 µg/ml), and (3) ABCperoxidase conjugate (1:20 dilution). m Between each incubation the tissue sections were washed in TTBS. Immunostaining was visualized with diaminobenzidine tetrahydrochloride (DAB) substrate, n counterstained with Mayer's hematoxylin, c mounted with Permount, f and examined microscopically. Positive control tissue (thyroid gland) was obtained from cattle with confirmed mucosal disease. o Negative controls consisted of (1) substitution of the primary antibody with a similar concentration of an irrelevant MAb of the same isotype on all examined tissues to determine nonspecific adsorption of IgG, and (2) incubation of BVD virus MAb 15C5 on BVD virus-negative tissues. These tissue sections were obtained from clinically normal, non-BVD virusinfected cattle as determined by virus isolation, and BVD virus-negative cattle with tissue lesions similar to those observed in this study (i.e., necrotizing enterocolitis, placentitis, bronchopneumonia).
Only 1 BVD virus antibody tested (MAb 15C5) detected BVD virus antigen using the ABC-peroxidase technique on formalin-fixed paraffin-embedded tissues. Immunohistochemistry consistently detected BVD virus antigen in tissues from animals diagnosed as BVD virus positive by virus isolation. Although viral antigen was detected in a variety of tissues, including enteric, respiratory, endocrine, nervous, lymphoid, urogenital, and integumentary (data not shown), it was most consistently observed within the kidney and lymphoid tissues ( Fig. 2A, 2B) . In contrast, pestivirus antigens were detected in < 10% of the fixed tissues from pestivirus isolation-positive sheep and goats examined (11 cases) by IHC using MAb 15C5.
Our studies on the natural occurrence of BVD virus in cattle centered on making a diagnosis of BVD virus by con-' ventional virus isolation in cell culture and subsequent identification of the isolates by IFA. The results compiled from cases during 1987-1990 indicated that the association with diseases, especially enteric and respiratory disease, has remained somewhat constant over the past decade when com- pared with the diseases associated with BVD virus in 1978-1980. 8 There did appear to be a shift in the predominant age prevalence for disease from 1 to 6 months in 1978-1980 to an older age grouping, 7 to 12 months in 1987-1990. 8 Coincident with our studies using virus isolation in cell culture and subsequent identification by IFA, there has been considerable progress in the development and utilization of hybridization probes and IHC in BVD virus and pestivirus detection. 4, 11, 12, 13, 16 The advantages of using hybridization probes for BVD virus detection would be the sensitivity of detecting minute quantities of viral nucleic acid in samples over a much shorter time. 17 Probe analysis was used in this study to determine the degree of homology amongst several isolates of pestivirus from non-bovine species. 21 These included isolates from a goat, a gazelle, and two llamas. The probes were of value in terms of classifying the viral isolates as either BVD virus-like or BD virus-like. 17 The use of probe analysis has at least 2 potential uses in BVD virus detection. The first would be in assisting with the diagnosis of clinical or subclinical animals infected by BVD or related pestiviruses. 13, 15, 22 The probe would ideally be group specific, in that conserved regions of the viral RNA in common amongst a range of pestiviruses (cattle, sheep, goats) would be used in the probe cocktail. This broad-based probe would be of value in detecting low levels of pestivirus infection in cells and biologics as part of a quality control program to insure against contamination. A second use of probe anal- ysis would be to explore the epidemiological questions relating to interspecies transmission and the extent of virus mutation that is occurring within the same animal. 17 It would appear that the design for this probe would require unique sequences to the pestiviruses, as there are multiple strains that may be capable of affecting different animal species.
The use of IHC in BVD diagnosis offers several advantages including reduced time for making a diagnosis and the capability to make the diagnosis without the benefit of virus isolation in cell culture. 1, 11, 12 The specificity of IHC could possibly be enhanced by using specific monoclonal antibodies or cocktails of various monoclonal antibodies to increase the range of detection. 12 Our preliminary studies using IHC have substantiated earlier reports on its value in assisting with BVD virus and related pestivirus diagnosis. 1, 11, 12 There was good correlation of detecting BVD viral antigens in selected fixed tissues from cases in which BVD virus was isolated, but not for the related pestiviruses of sheep and goats (Baszler et al., in preparation).
Although there appears to be several diagnostic tools whereby BVD virus can be detected, the complexity of BVD virus infection is such that one specific technique may not be appropriate for making a diagnosis. If one reviews the nature of BVD virus infection there are at least 4 areas that some form of diagnostic/detection assay would be of value. 2, 3, 5, 7, 9, 10, 18, 23, 25, 26 The first period would include detection of BVD virus in acutely infected animals or in animals in a subclinical phase and transiently shedding virus in secretions and excretions. The second period would be the detection of BVD virus in fetal tissues, weak calves, and calves suspected of being persistently infected (immunotolerant). The third period would be in assessing any age animal for persistent infection (clinically normal, but immunotolerant); and the fourth period would be those animals with clinical signs of BVD-mucosal disease as a means of making a differential diagnosis. 
